요 약. Polyaniline/SiO2 촉매를 이용하여, acetophenone, aromatic aldehydes와 aromatic amines을 에탄올 용매 속에서 반응 시켜서 다양한 various β-amino ketones을 one-pot mannich 반응을 수행하였으며, 이 반응을 위해 silica가 충진된 여러 가지 종류의 wt% polyaniline을 화학적인 산화방법에 의해 합성하였다. 합성한 촉매는 thermal analysis(TG-DTA), X-ray diffraction (XRD), scanning electron microscopy(SEM) energy dispersive spectroscopy(EDS), 및 Fourier transform infrared spectroscopy (FT-IR) 방법으로 확인하였으며, 촉매의 용매에 대한 안정도 UV-Visible spectroscopy로 측정하였다. Polyaniline/SiO2 촉매를 이용하는 합성 방법은높은 수율로 얻어지며, work up이 쉽고, 독성이 없으며, 쉽게 회수하여 재사용이 가능하다.
INTRODUCTION
Polyaniline is an organic conducting polymeric material due to their wide range of electrical, electrochemical, and optical properties as well as their good stability. [1] [2] [3] [4] It is commonly synthesized by oxidizing aniline monomers in bronsted acids using electrochemical or chemical methods. [5] [6] [7] Polyaniline supported catalyst bears good environmental, thermal and chemical stability, electrical and optical properties, facile redox and pH-switching behavior. 8 Polyanline and polyaniline supported metal oxide has been extensively used as solid acid catalysts for various organic transformations such as oxidation, dehydrogenation, condensation, Michael, Suzuki-Miyaura cross-coupling and esterification reactions.
9-16
Mannich reaction is one of the most important C-C bond forming reactions in organic synthesis for the preparation of secondary and tertiary amine derivatives.
17,18
The products of Mannich reaction are mainly β-amino carbonyl compounds which are important synthetic intermediates for various pharmaceuticals and natural products. 19, 20 Mannich reactions using electrophiles like imines and stable nucleophiles, such as enolates, enol ethers and enamines, have been reported in the literature. 21 In the continuation of our work, to develop new heterogeneous catalysts for the synthesis of heterocyclic and biologically active compounds, [36] [37] [38] herein, we report a polyaniline/SiO 2 catalyzed three-component Mannich reaction of acetophenone, aromatic aldehydes, and aromatic amines, which led to β-amino ketones under mild reaction conditions.
EXPERIMENTAL SECTION
Preparation of pure silica Silica samples were synthesized by using sol-gel process. A quantity of 16 mL tetraethyl ortho-silicate (TEOS) was mixed with 60 mL of aqueous ammonia. The resulting reaction mixture was stirred continuously for 1 h at room temperature to obtain uniform silica sphere. The resulting silica material was further retrieved by centrifugation and washed with distilled water and dried at 110 o C for overnight. Finally, the resulting material was calcined at 500 o C for 5 h under air atmosphere to produce solid porous silica materials.
Preparation of polyaniline/SiO 2 catalyst. The series of polyaniline/SiO 2 catalytic materials with varying aniline (10, 20, 30 wt%) and SiO 2 were prepared by chemical oxidative method. In a typical procedure, 10 wt% polyaniline/SiO 2 catalysts was synthesized by slowly mixing a solution of 0.3 mL of aniline in 30.8 mL of distilled water with 0.61 mL of concentrated sulphuric acid at [5] [6] [7] [8] [9] [10] o C. The resultant mixture was successively slowly treated with 16 mL of aqueous potassium persulphate (used as an oxidant) and 2.68 g of solid porous silica. The mixture was kept at 5 o C and stirring continued for 5-6 h resulting in a precipitate that was obtained by filtration, washed with distilled water and acetone. The product, polyaniline /SiO 2 salt, was dried in an oven at 70 o C for 3 h. Similarly 20 and 30 wt% polyaniline/SiO 2 catalysts were prepared.
Catalyst characterization
All chemicals were purchased either from Merck or Fluka and used without further purification. Melting points were taken in an open capillary and are uncorrected. TG-DTA was performed using PYRIS 1 Thermogravimetric analysis. IR spectra were recorded on JASCO-FT-IR/4100, Japan, in KBr disc. Thin layer chromatography was performed on Merck pre-coated silica gel 60-F254 plates.
1 H NMR spectra were recorded on an 300 MHz FT-NMR spectrometer in CDCl 3 as a solvent and chemical shifts values are recorded δ (ppm) relative to tetramethylsilane (Me 4 Si) as an internal standard. The X-ray diffraction (XRD) patterns were recorded on Bruker 8D advance Xray diffractometer using monochromator Cu-Kα radiation in which wavelength λ=1.5405 A o . Scanning electron microscope image with energy dispersive X-ray spectroscopy (SEM-EDS) was obtained on JEOL; JSM-6330 LA operated at 20.0 kV 1.0000 nA.
General Procedure for the Synthesis of β-Amino Carbonyl Compounds
A mixture of acetophenone (5 mmol), aromatic aldehydes (5 mmol), aromatic amines (5 mmol) and catalytic amount of polyaniline/SiO 2 (0.1 g) was refluxed in ethanol (15 ml) for the time mentioned in Table 4 . The progress of the reaction was monitored by thin layer chromatography using pet ether: ethyl acetate as a solvent system. After completion of the reaction, the reaction mass was filtered, the filtrate was concentrated under reduced pressure, and the crude product obtained was recrystallized from ethanol to afford pure products 4(a-i) 
.
RESULTS AND DISCUSSION
TG-DTA analysis Fig. 1 illustrates the thermal analysis of polyaniline and polyaniline/SiO 2 . The first weight loss occurs at low temperature (140 ºC) for the removal of water molecules from polymer materials. Second weight loss was observed at 200 ºC corresponds to the degradation and decomposition of the polymer back bone. However, complete decomposition occurs at 350 ºC for polyaniline chain shown in Fig.  1(a), (b) shows the thermal decomposition of polyaniline supported on SiO 2 . From this it can be seen that, the thermal stability of polyaniline/SiO 2 materials has noticeably improved, which may be due to the strong interaction between polyaniline and SiO 2 . The thermal stability is characteristic property of the materials, utilized as a catalyst in the field of heterogeneous catalysis. Fig. 2(a-c) shows the XRD pattern of synthesized materials. Fig. 2(a) shows the broad peak at 2θ (21.98º) corresponding to the amorphous nature of silica.
XRD analysis
39 Fig. 2 (b) shows the broad peak at 2θ (25.13º) which is characteristic of the polyaniline.
40 Fig. 2(c) gives broad peak at 2θ (22.18°) for 10 wt% polyaniline/SiO 2 the peak was just slightly shifted due to the addition of polyaniline in silica. Fig. 3(a-c) shows the surface morphology of synthesized materials. Fig. 3(a) shows good agglomeration of particles of silica with spherical in shape, while a fibrous or globular morphology was observed in Fig. 3(b) which is the characteristic of polyaniline.
SEM-EDS analysis
41 Fig. 3 (c) shows some porosity, it may be due to the insertion of 10 wt% polyaniline on the surface of SiO 2 . Finally, from the SEM micrograph, it can be concluded that, the polyaniline addition clearly shows alteration in morphology, which helps to generate the porous materials and the porosity may increases catalytic activity of pure SiO 2 , as well as polyaniline.
Elemental composition of 10 wt% polyaniline/SiO 2 catalysts is represented in Fig. 4 . The presence of constituent elements C, O, Si and S as its atomic weight % are 47.35, 39.41, 12.51 and 0.74 respectively. From this analysis it was shown that, the minimum stoichiometric ratio of desired 10 wt% polyaniline/SiO 2 catalysts was maintained. Fig. 5(a-c) shows the FT-IR spectra of the synthesized materials. Fig. 5(a) shows peak at 3477 cm -1 is due to the Si-OH stretching vibration, 1627 cm -1 for the Si-OH bending mode, 1080 cm -1 for Si-O stretching vibration and 815 cm -1 due to the Si-O-Si bending vibration mode. Fig. 5(bc) shows the FT-IR spectra of the pure polyaniline and 10 wt% polyaniline/SiO 2 respectively. The characteristic peaks of the polyaniline at 3389 and 3371 cm -1 is attributed to N-H stretching, 1572 and 1509 cm -1 is due to C=C stretching mode of the quinoid ring, 1489 and 1454 cm 
FT-IR analysis

Catalytic activity results
The synthesis of β-amino carbonyl compounds via condensation of acetophenone, aromatic aldehyde and aromatic amines catalyzed polyaniline/SiO 2 , is shown in (Scheme 1).
The stability of the catalyst was tested in different solvents; methanol, acetone, acetonitrile, and ethanol by spectrophotometrically. The results are summarized in Table 1 which shows that the catalyst retains very good stability in ethanol. Hence, in order to get the optimum reaction condition, the reaction of acetophenone, benzaldehyde, and aniline was considered as a standard model reaction.
To examine the effect of the catalyst composition on the activity, various amounts of polyaniline supported SiO 2 have been studied and the results are summarized in Table  2 . Pure silica shows no catalytic activity ( Table 2 , entry 2a) and polyaniline exhibits moderate catalytic activity ( Table 2 , entry 2b) in terms of reaction time and yield of the products. After optimizing the amount of catalyst it was observed that 10 wt % polyaniline/SiO 2 is sufficient to carry out the reaction smoothly in short time with excellent yields (Table 2 , entry 2c). Increase in wt% (20, 30) of polyaniline/SiO 2 , reaction rate and yield of the product was found to be reduced (Table 2 , entry 2d, e). However, in the absence of catalyst, formation of the desired product was not observed (Table 3 , entry 3a). For the investigation of the concentration of catalyst, reaction was carried out under varied amounts of catalyst, such as 0.05, 0.1, 0.15 and 0.2 gm for standard model reaction (Table 3 , entry 3b-e) and it was observed that 0.1 g of catalyst is sufficient to complete the reaction efficiently (Table 3 , entry 3c).
The scope and generality of the present method was investigated by performing Mannich reactions with various electronically divergent aromatic aldehydes and aromatic amines under optimum reaction conditions (Table 4) . Aldehydes bearing different substituents, such as 4-CH 3 , 4-Cl, and 4-NO 2 were compatible with reactions condition. Aromatic amines bearing 4-Cl, 4-CH 3 , and 3-Cl were also favorable to those conditions. Then we turned our attention towards the recovery and reusability of the catalyst as it is important from industrial and economical point of view. The catalyst was separated, washed with n-hexane dried at 80 o C for 1 h before the next catalytic run. Reusability of the catalyst was investigated for three times and it was found to retain almost consistent activity (Table 4 , entry 4a).
CONCLUSION
In summary, an efficient catalytic system has been developed for the synthesis of β-amino ketones using acetophenone, aromatic aldehyde and aromatic amines. Present method offers remarkable advantages such as non-toxic, non-corrosive and an inexpensive reaction conditions. Simple recovery and reusability of the catalyst make the reaction successful under environmental benign conditions. 
